Sequential morphological changes occurring in sheep choroid plexus cells infected with visna virus were studied by direct immunofluorescence, acridine orange, and hematoxylin and eosin staining methods. Specific immunofluorescence was first detected in the perinuclear cytoplasm of solitary cells 24 hr after infection. As the infection progressed, viral antigen appeared in an increasing number of cells, and rounded globular cells with long slender processes harboring intense fluorescence were seen. Nuclear fluorescence was not observed in infected monolayers. Polykaryocytes formed within 6 hr after inoculation due to the direct cell-fusing effect of the virus inoculum did not show specific fluorescence. Viral antigen was found, however, in the cytoplasm of multinucleated giant cells in cover slips harvested after new infective virus had been released, and later in the course of infection circular fluorescent inclusions were seen in the cytoplasm of polykaryocytes. Comparable eosinophilic inclusions were observed in hematoxylin and eosin preparations, and acridine orange staining of infected monolayers demonstrated similar inclusions which fluoresced with the color characteristic of single-stranded nucleic acid and were susceptible to digestion with ribonuclease. Visna virus appears to be a ribonucleic acid virus which replicates in the cytoplasm.
Visna virus is a yet unclassified virus which causes a slow, progressive, and fatal disease of the nervous system of sheep (31, 32) . Propagation in cell cultures derived from the sheep choroid plexus (33) has resulted in characterization of a number of the biological, physical, and chemical properties of the virus (16, (38) (39) (40) .
Although electron microscopic studies indicate that virus particles are formed by budding on the cytoplasmic membrane of host cells, the fine structure of the nuclei and cytoplasm of infected cells looks much like that of uninfected control cells (36) 108 .0 TcID50/ml was prepared by clarification at 1,500 X g for 10 min, followed by centrifugation at 78,000 X g for 6 hr and suspension of the pelleted material in one-fiftieth of its original volume in reinforced Eagle's medium plus 0.5%c bovine plasma albumin (Fraction V, Armour Pharmaceutical Co., Kankakee, Ill.); this concentrated preparation was used in an experiment to produce rapid cell fusion. All virus stocks were stored at -70 C until they were used.
Vislia viruts anitiserum. Serum 4992 from a sheep infected with visna virus was kindly supplied by H. Thormar (Fig. la) , and globular cells.
After 96 and 120 hr, when peak titers of infective virus were found in the medium, both the intensity of immunofluorescent staining and the number of cells containing viral antigen were maximal. Viral antigen remained localized in the cytoplasm (Figs. lb, c, and d) , and approximately 70% of the cells showed fluorescent staining. Specific fluorescence was again observed in fibroblastic cells, in polykaryocytes (Fig. Ic) , and in rounded shrunken, cells with elongated processes (Fig. lb) . In addition, dense round aggregates of intensely fluorescent material were observed within the cytoplasm of many of the multinucleated giant cells in the culture (Fig. Id) Approximately 30%/ of polykaryocytes 120 hr after infection contained eosinophilic cytoplasmic inclusions (Fig. 2) . These inclusions were observed only in multinucleated giant cells and clearly corresponded to the aggregates of specific fluorescence seen in polykaryocytes stained by the fluorescent-antibody technique; they were often surrounded by a crescent of nuclei (Fig 2) .
Acridine orange stains viruses that contain double-stranded RNA or deoxyribonucleic acid (DNA) orthochromatically green and singlestranded RNA and DNA metachromatically red under the staining conditions employed in the present experiments (13, 14, 22) . SCP monolayers harvested 120 hr after infection with visna virus and stained with acridine orange showed numerous intracytoplasmic inclusions which corresponded in size, shape, and distribution to those observed in multinucleated giant cells after staining with either fluorescein-labeled antibody or hematoxylin and eosin. As illustrated in Fig.  3 , such inclusions exhibited the orange-red color that is associated with single-stranded nucleic acid.
The metachromatic staining of the intracytoplasmic inclusions was completely abolished by prior digestion with ribonuclease. Incubation with deoxyribonuclease eliminated the green fluorescence of the nuclear chromatin, but failed to remove the orange-red fluorescence of the cytoplasmic inclusions.
Immunofluorescence studies of rapid virusinduced cell fusion. Exposure of SCP monolayers to visna virus at high multiplicity results in rapid cell fusion that involves the entire monolayer by 5 to 6 hr; large syncytia are formed which disintegrate well before new virus is released (16) . SCP monolayers were inoculated with concentrated visna virus at a multiplicity of 30 TCID1O per cell; 6 hr later the cover slips were harvested, fixed, and stained by the direct immunofluorescent technique. Although extensive cell fusion had occurred, specific fluorescence was not seen in any of the multinucleated cells in the monolayer, indicating that visna virus-induced cell fusion can occur in the absence of detectable intracellular viral antigen.
DIscuSSION
In its morphology and some of its physical, chemical, and biological properties, visna virus shows similarities to the avian leukosis and murine leukemia viruses (39, 40) . Cells infected with avian leukosis or mouse leukemia viruses show cytoplasmic localization of viral antigen when they are studied by the immunofluorescence technique under conditions like those that existed in the present study (2, 19, 24-27, 42, 43) . The observation that visna virus antigen develops in the cytoplasm of infected cells points to yet another common feature between visna virus and the avian leukosis and murine leukemia viruses.
In a previous study of the sequential changes occurring in visna-infected cells with acridine orange staining (41), Thormar reported that the cytoplasm of infected cells developed an intense red fluorescence and that this fluorescence did not appear after treatment with ribonuclease. Increased orthochromatic greenish-yellow fluorescence was not detected in the cytoplasm of infected cells, nor were fluorescent cytoplasmic inclusions described. The present study demonstrates that inclusions of viral antigen observed late in visna virus infection show the orange-red fluorescence characteristic of single-stranded nucleic acid stained with acridine orange. The metachromatic fluorescence of these inclusions was removed by treatment with ribonuclease, but appeared unaffected by deoxyribonuclease digestion. Evidence now available from cytochemical studies indicates that visna virus contains singlestranded nucleic acid which is most probably RNA.
Polykaryocyte formation produced by the inoculation of SCP monolayers at high virus-cell multiplicities appears to be due to a direct effect of the virus particle on the cell membrane that is independent of virus replication (16) . This concept gains support from the finding that rapid cell fusion occurs without the appearance of intracellular viral antigen.
The multiplicity of infection used in the present investigation on the site of visna virus synthesis was carefully chosen to provide an inoculum that would infect as many cells as possible and yet avoid extensive fusion and degeneration before new virus could be released (16) . Nonetheless, surprisingly few cells contained viral antigen 24 hr after infection, and therefore it is probable that multiple cycles of infection occurred during the period of study. 
